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The successful  transplantation of  rabbit  tumors into the anterior cham-
ber of the eyes of guinea pigs and other alien species suggested an attempt
to transplant  human  tumors  to lower  animals using  the  same method  of
transfer.  In  the experiments  to  be reported,  transplantation  of  a num-
ber of human cancers  to  guinea pigs  and rabbits was  effected  and  in one
instance  the  transplanted  tumor  has  been maintained  by  serial  transfer.
The  object  of the  present  paper  is to  record  the  results  of  this  series  of
experiments  and  to  describe  the  growth  characteristics  of the  tumors  in
the alien  species.
Materials and Methods
The  present  experiments  are  concerned  with  attempts  to  transplant
eleven  different  human  tumors,  including  eight  carcinomata  and  three
sarcomata  (Tables  I and II).
The tumors consisted entirely of surgical material and were obtained  from hospitals
in New York, Philadelphia,  New Haven,  and Trenton.'  Tumor fragments  were trans-
ported  from  the  operating  room  in test  tubes  in  a cooled  thermos  bottle  and trans-
planted  immediately  upon  arrival  at  the  laboratory.  As  a rule,  transplantation  was
completed within 2 to 4 hours of operation, but in one instance in which successful trans-
fer was effected,  material sent by railway express  from New Haven  remained in transit
for 30 hours.
In  contrast  to  the procedure  utilized  in  the heterologous  transplantation  of rabbit
1The  author  wishes  to  acknowledge  the  cooperation  of  Dr.  S.  P.  Reimann  of the
Lankenau Hospital, Philadelphia; Dr. M. C. Winternitz  and Dr. Robert Tennant of the
Yale University  School of Medicine;  Dr.  R.  A.  Moore  of Cornell  University  Medical
College;  Dr.  R.  L.  Pfeiffer  of  the  Eye  Institute,  Presbyterian  Hospital,  Columbia
University; and Dr. E. L.  Shaffer  of the St. Francis Hospital, Trenton,  New Jersey, in
making fresh human tumor material  available  for this study.
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tumors  which included  serial passage  in  the  rabbit's eye  before  transfer  to the foreign
species,  human  material  was  of necessity  transferred  directly  from  the primary  host.
Rabbits  and  guinea  pigs  were  used  exclusively  as experimental  animals.  The  rabbits
were  hybrids ranging  from  6  months  to  2 years  in  age,  while  the  guinea pigs  varied
from 250 to  1000 gm.  in weight.  The animals  were not subjected  to special  treatment
either before  or  after  transfer but  were  maintained under  ordinary  conditions  of  cage
life.
The technique  utilized  in  the transplantation  of the  tumors was  identical with that
used  in the  transfer  of rabbit  tumors and  its  essential  features  were  reviewed  in the
preceding  paper.2
Tissues  for  microscopic  examination  were  fixed  in  Petrunkewitsch's  solution  and
stained with hematoxylin and eosin.
Carcinomata
The  epithelial  tumors  used  consisted  of cancers  of  the  breast,  uterine
fundus,  cervix,  colon,  and  tongue.  Four  mammary  cancers  were  trans-
planted  and all were  of  the scirrhous  variety.  The  cancer  of the fundus
was an adenocarcinoma,  the cervical growth a transitional cell epithelioma,
the tumor of the colon  a stenosing  fibrocarcinoma,  and the tongue  cancer
an  epidermoid  carcinoma.  With  the  exception  of the  uterine  adenocar-
cinoma which was made up almost entirely of glandular elements, the tumor
fragments  received  in  the laboratory  consisted  largely  of  dense,  fibrous,
connective tissue, and in many cases it was doubtful at transfer whether or
not  essential tumor  elements  were  included  in the  transplants.
The results of transplantation  are shown in Table I.  The cancers  of the
tongue, colon,  cervix, and fundus were infected and with a single exception
it was  necessary  to discard all animals  bearing transplants  within  a week
of transfer.  The  exception  consisted  of  a  guinea  pig of the  colon  series,
and  in  this  instance  the  eye  was  not  infected  and  the  fragment  grew.
Growth  also  occurred  in fragments  derived  from two  different  mammary
tumors.
Mammary  Cancers.-Fragments derived  from  two  of  the  mammary
cancers failed to grow but takes resulted from transfer to rabbits of the two
tumors  obtained in  June  and  September,  1938.  A  total  of  37.5  per  cent
of the  latter  transplants  increased  in  size  and showed  other  presumptive
signs of life, but with two exceptions growth  ceased and regression occurred
at  the end  of  3  months.  The  two  exceptions  were  in animals  implanted
in June  and in both  instances the transplants  were actively  growing when
the animals  were killed  5 months later.
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The  early  manifestations  of  growth  were  similar  in  all cases.  The  fragments  re-
mained opaque  white  in  color and  completely  inactive  during  the first  3  weeks  after
transfer.  At the end of this period, however,  a pinkish coloration and a slight increase
in  size  distinguished living  transplants.  Growth  continued  in  such  cases  but was  al-
ways  limited  to one  pole  or to  the  edges  of  the fragment  and a portion  of the  graft
remained  opaque  white in  appearance.
The  fragments  doubled in  diameter  during  the first  2  months  and toward  the  end
of this period vascularization  became evident.  The  vascular supply was  derived from
the iris and its  extension  through  the graft  was  accompanied  by  an ingrowth  of pig-
mented cells.
Regressive  changes  appeared  in seven of  the transplants  when  they had attained a
diameter of approximately  5 mm.  and a gradual decrease in size became evident.  Even-
TABLE  I
The Results of the Heterologous Transplantation  of Human Carcinomata
Rabbits  Guinea pigs
Interval  Number
Material  Date of  between  showing  N  umber Material  transfer  Yton  and  growth  showing  growth  showing
ttranr  by rlowed  sistent  lowed  sstt
by re-growth  by re-  growth
gression  Z  gression
1938  hrs.
Sdrrhous carcinoma of  breast  .......  June  2  12  5  2
"  "  "  "  ........ Sept.  3  12  2  0
"  "  "  "  ........  Oct.  5  7  0  0
1939
"  "  "  "  ........  Sept.  2  12  0  0  11  0  0
Stenosing carcinoma  of colon........  Nov.  2  8  0  1
Adenocarcinoma of uterine fundus...  Apr.  2  8  Infected
Transitional cell carcinoma of cervix . Sept.  2  10  6  Infected
Epidermoid carcinoma of tongue.....  Oct.  2  10
tually the tumors  contracted  to yellowish-brown,  smooth  masses  of hyaline substance
less than  one-half  their  former  diameter  and  remained  unchanged  in  that  condition.
On the contrary,  growth persisted  in two of the animals  (Fig.  1).  In one, the  rate
was slower from  the very beginning and the tumor had only increased to 3  mm. in  di-
ameter at the end of the 3rd month.  However, regression  did not occur and  when the
animal was killed 5  months after transfer,  the growth had formed an oval mass 6 mm.
in  diameter  occupying  nearly  half  of  the  chamber.  Fragments  of  this  tumor  were
transferred  to the eyes  of a second generation but no takes resulted.
In  the second  instance,  the growth  was  more invasive  than  expansive in character
and  infiltrated  the iris  over a  wider area.  At  the end of the  3rd month,  a crater-like
depression developed in the center of the growth and gradually deepened.  Subsequently,
a perforation  appeared through the remains  of the underlying  iris and extended  to form
a wide opening into the  posterior chamber  of the same general  size and appearance  as
the  contracted  pupil.  Simultaneously,  the  cornea  was  invaded  and  for  a  period  of478  HETEROLOGOUS  TRANSPLANTATION  OF  MAMMALIAN  TUMORS.  II
time  extension  to the  outside  seemed  imminent.  However,  perforation  did  not occur
and a shell of cornea approximately  one-fifth  the normal thickness  of the tissue covered
the growth at autopsy.  The tumor showed  little further increase in  size but  remained
living until the animal was  killed at the end of 5 months.
At autopsy, no evidence of regression was found in either case.  In the first instance,
the tumor was attached to the iris by a short, thin pedicle containing many blood vessels
and, despite  intimate contact in  other regions, invasion  was limited  to this small area.
The  growth  was  soft  and  medullary  in  consistency  and  section  revealed  a  smooth,
homogeneous  surface.  In  the second  instance,  tumor  tissue  was  limited to  the edges
of the ulcer  where it was piled up and densely adherent  to the cornea.
Histologically,  the cells  of the transplants  contained  less cytoplasm and  their nuclei
were rounder  and less  vesicular than  those  of the primary  tumor.  Moreover,  the  pro-
nounced  connective  tissue  reaction  that  characterized  the  growth  in  the  spontaneous
human  host was completely lacking and epithelial cells were arranged  in a  solid medul-
lary  mass  (Figs.  2-4).  Blood  vessels  were  plentiful  and  there  were  no  degenerative
changes.  No  gross or microscopic  metastases  were  found.
Cancer of the Colon.-At operation,  samples  of  the tumor  were  secured
from  the periphery of the growth  at some  distance  from the lumen of the
colon, but despite this precaution,  all but one  of the fragments  proved to
be  infected.  In  this  single  instance,  no  sign  of  infection  developed  and
indications  of growth  became  evident  after 2 weeks  residence  in  the an-
terior chamber of a guinea pig.
Growth was more  rapid than  was  observed  in the case  of the previous  transplants,
and at the end of 2 months, the chamber was one-half filled.  The tumor was gray rather
than pink  in  color  and  its surface  was  irregular,  with finger-like  projections  of tissue,
in contrast  to  the smooth appearance  of other  transplants.  Approximately  3  months
after  transfer,  when the mass measured 5  mm. in  diameter,  an opaque  white zone  ap-
peared  at one pole  and, because  of  this suggestion  of beginning  regression,  the animal
was  killed for  histological  study.
At autopsy, the growth was intimately attached  to the iris along its entire posterior
surface and could not be separated from this structure without tearing.  Microscopically,
its cells  were larger  with more cytoplasm  and  less nuclear  substance  than  those of  the
original  tumor.  There was no  attempt at tubule formation and cells  were  arranged  in
unorganized  sheets (Figs. 5 and 6).  The intense  connective tissue reaction of the spon-
taneous growth  was not duplicated but the transplant contained more connective  tissue
than was noted in the mammary  cancer transplants and in several  regions thick fibrous
bands encircled islands of cells.  The transplant  was well supplied with blood vessels but
there were  scattered areas  of degeneration  and necrosis.  No metastases  were  found.
Sarcomata
Attempts  were made  to transfer  three  different  human sarcomata  con-
sisting of a retinoblastoma,  a melanotic sarcoma,  and a fibrosarcoma.  The
retinoblastoma  was  a  glial  sarcoma  of  extremely  soft,  almost  gelatinous
consistency,  containing many areas of fatty degeneration  and numerous fociHARRY  S.  N.  GREENE
of  calcification.  The  second  tumor was  a  metastasis  of a  primary mela-
notic sarcoma of the skin of the face and was obtained from the chest wall at
operation.  Neither gross nor microscopic pigment was present in the frag-
ments  used  for  transfer.  The  fibrosarcoma  originated  in  the breast  of a
20  year  old woman.  The greater  part of  the growth  had been  removed
during an exploratory operation,  and following  identification of the tumor,
a total mastectomy  was  performed.  The  tissue  used for transfer  was ob-
tained at the mastectomy  and  consisted of a nodule  approximately 4 mm.
in diameter.
The results  of  transplantation  are  shown  in  Table  II.  No takes  fol-
lowed  transfer  of the retinoblastoma  but, as noted  above,  the tumor  was
in  an  advanced  stage  of  degeneration.  On  the  contrary,  takes  resulted
TABLE II
The Results of the Heterologous Transplantation  of Human Sarcomata
Heterolo-  n  Interva  l  Rabbits  Guinea pigs
Material  gous  Date of  betwn Matelgene  ration  transferoperation  Number  Number
number  and  Number  showing  Number  showing
transfer  used  persistent  used  persistent
growth  growth
1939  hrs.
Retinoblastoma  1  Jan.  4  11  0
Metastasis from melanotic  1  Feb.  30  5  0  4  1
sarcoma of skin  2  Aug.  8  0
Fibrosarcoma of breast  1  Mar.  2  20  4
from transplantation of the melanotic tumor and the fibrosarcoma,  and in
no  instance  did  regression  of  the  resulting  growth  occur.  Moreover,
transfer  to  a second  generation  was successfully  effected  in the case of the
fibrosarcoma.
Retinoblastoma.-The  transplanted  fragments  of  this  tumor  rapidly
disappeared  and no indication  of their presence  could be found in the eyes
of the  experimental  rabbits  on the  5th day after  transfer.  The animals
were held under observation  for 2  months and throughout this period the
same  condition  prevailed.
Melanotic Sarcoma.-The transplants of this tumor remained  unchanged
during the first  3 months following transfer,  and  at the end of the period
all of the rabbits bearing transplants were discarded.  The guinea pigs were
held  for  further  observation  and  at  3  months  alterations  suggestive  of
growth were observed in the eye of one animal.
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The  entire substance  of  the  tumor fragment  became  pink in color and examination
with  a  magnifying  lens  showed  the presence  of surface  vessels.  A rapid  increase  in
size was then observed and at the end of 2 weeks the transplant had tripled in diameter.
A period of quiescence  followed with no other change in  appearance,  but after a month
growth was renewed and persisted at a uniform rate until the animal was killed with the
chamber one-half filled at the end of 6 months (Fig.  7).
The  growing  tumor  was  characterized  throughout  its  course  by  the  presence  of
surface  blood vessels  visible  in  the  gross  and by  a persistent  semitranslucent  pinkish
appearance.  At an  early period of  growth, a temporary  brownish  tinge suggested  the
production of melanin, but the coloration later disappeared and its occurrence may have
been  related to the resorption of hemorrhage.
The point is of particular interest inasmuch  as both the original tumor tissue and the
iris of  the experimental animal were  unpigmented and the occurrence  of melanin in the
transplanted  growth would have been  evidence  of the  synthesis of  that pigment.  The
probability that the brown discoloration arose from the disintegration  of red blood cells
is enhanced by the fact that shortly before  the animal was killed a large, visible hemor-
rhage did occur.  The hemorrhage  filled the remaining  half of the chamber and was the
immediate  reason for the termination of the experiment.
The hemorrhage  undoubtedly  resulted from the invasion  of vascular  walls with sub-
sequent  rupture,  for  the  invasability  of  the  growth  was  attested  at  autopsy  by  the
complete  destruction  of  the  underlying  iris  and  ciliary  body.  The  tumor,  however,
was limited  to the  eyeball  and had not  invaded the  sclera.  Microscopically,  the  cells
and structure of the growth were identical  with those of the spontaneous human tumor
(Figs.  8 and 9).  Neither gross nor microscopic  metastases were  found.
Fragments  of  the  tumor  were  transferred  to  the  eyes  of  eight  additional  guinea
pigs.  The animals  were  held under observation for  7 months but no  growth occurred.
Fibrosarcoma.-As noted  above,  the  amount  of  this  tumor  available
for  transfer was  extremely  small  and only  a  4 mm.  nodule  in the  breast
tissue  obtained at operation  showed  the gross  characteristics  of  sarcoma.
A  portion of  the  nodule was  used for  frozen  section,  while  the remainder
was divided into fragments and transferred to the anterior chambers of four
guinea  pigs.  In addition,  fragments  of  adjacent  normal appearing  breast
tissue  were  used  for  transfer  in  the  hope  that  they  contained  invading
sarcoma  cells.  Takes occurred in all of the four pigs that received  sarcoma
tissue,  but  to date, no evidence  of growth  has been  observed in the other
animals.  Thus,  while  examination  of  Table  II suggests  that  there  were
only  20 per cent of takes, in actuality  there occurred  100 per cent of takes
in cases in which known sarcoma tissue was used.
Growth was evident in two of the animals on the 44th day but in the remaining  two
the fragments  remained unchanged for  130 days.  The former pigs  were both killed on
the  123rd day when the growth filled one-third of the chamber.  One of  the latter pigs
was killed on the 162nd day with a growth of  the same size, while the remaining animal
is  still living (200  days)  and bears a growth which  fills one-half  the chamber  (Figs.  10
and  11).HARRY  S.  N.  GREENE
The characteristics of the tumors in the anterior chamber  were similar to those  of the
melanotic sarcoma but, in general,  growth proceeded at a more uniform and rapid rate.
The transplants  increased in all diameters  and invasion  of the iris with  extension  into
the  posterior  chamber  was  an  early  occurrence.  Thus,  in  contrast  to  rabbit  tumors
which grew laterally and filled the chamber before  extending posteriorly,  the portion of
sarcoma  transplants  in  the  posterior  chamber  at any given  time  was  approximately
equal in size to that present in  the anterior  chamber.
The tumors were supplied  with large blood vessels which could be seen traversing the
surface with  the naked  eye.  The  tissue  remained healthy in  all  cases and there  were
no changes  suggestive  of degeneration  or  regression  throughout  the life  of the animal.
At autopsy,  the  tumors protruded  through  the  iris into  the  posterior  chamber  but
remained discrete  and did not invade  other structures.  They were  oval in shape,  firm
in  consistency,  and appeared  homogeneous  on  section.  Histologically,  their  cells  and
structure  were identical  with  those  of  the  primary  human  tumor  (Figs.  12  and  13).
No metastases  were found.
Serial  transplantation  was  attempted  with  tumor  material  obtained
from one  of the  animals killed  on  the  123rd  day.  Ten  guinea  pigs were
used, and while it is still too early to gauge the final outcome of the experi-
ment  (66 days after transfer), definite growth has occurred in two animals,
two  others  show presumptive  evidence  of growth,  and  the  fragments are
unchanged  in the remainder.
Serial  transfer was  also performed  with material  from an animal  killed
on the 162nd day.  Twenty-four  guinea  pigs were used and at the present
time,  27  days after transfer,  there is definite growth in three, presumptive
evidence  of growth in sixteen, and no evidence  of change in the remainder.
DISCUSSION
In the  present  series  of  experiments,  rabbit  tumors  were  transplanted
to  animals  of  all  the  various  species  used,  including  guinea  pigs,  swine,
sheep, and goats, and in addition,  several human tumors were successfully
transferred  to rabbits and guinea pigs.  Serial transplantation  in the alien
host was successfully  carried out in both cases.  The anterior chamber  of
the  eye  was used  as an implantation  site, and  in all instances  transfer to
other  regions  was  unsuccessful.  The  success  which  attended  the  experi-
ments  in  contrast to  the failure that followed attempts  to use other  sites
requires some  comment.
In all tumor transfers it is  clear that the transplanted  cells must live for
a period of time in the manner  of a tissue culture; tumor cells may subsist
for  a  time  on  materials  introduced  with  the  inoculum,  but  continued
survival is dependent upon  the imbibition of nutrient  from  the  surround-
ing tissue fluids.  A foreign body reaction is not immediate but occurs after
a variable  interval and in variable  intensity depending on the constitution
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of the transplant and the host and on the sensitivity of  the region used  as
an implantation  site.  In ordinary  homologous  transfers  involving  tissues
of close generic relationship,  the foreign body reaction is inconspicuous and
consists  largely in a proliferation  of fixed tissue elements which eventually
results in vascularization  of the fragment.  On the  contrary, the  transfer
of  foreign  tissue  invokes  an  intense  reaction.  The  fragment  acts  as  an
inflammatory  stimulus,  free  mobile  elements  of  the  blood  and  lymph
migrate  to  the tissue  in great  numbers  and  the  fixed  tissue proliferation
results in encapsulation rather than in vascularization.
However, if for some reason the foreign body reaction is delayed and the
transplant  lives,  it is  conceivable  that its  cells  may  be gradually  altered
by the continued imbibition of host materials  so that some degree of adap-
tation results and the more radical constitutional differences between trans-
plant and  host are  lost.  The eventual  foreign  body reaction  would  then
be  less  intense and  more  in the nature of  that which  follows  homologous
transplantation.
It is  possible  that  such  a  sequence  occurs  in  the  anterior  chamber  of
the eye.  The iris is apparently  relatively  unresponsive  to the presence  of
foreign bodies and an interaction between the tissues of the transplant  and
the host is delayed for a considerable period of time.  During the  interim,
the  transplanted  fragment  persists as  a  free entity  deriving  nourishment
from  the  fluid  of  the  chamber  and  its  cells  remain  entirely  independent
of the tissues of the host.  Growth proceeds  during this culture-like  phase
and  an increase  in size  is evident  before the occurrence  of vascularization.
The inflammatory  reaction which  follows the introduction  of foreign tissue
into other regions  of the body does not occur.  On the contrary the trans-
plant,-which  at first survives  as a parasitic tissue culture,-becomes  sup-
plied after a time with a rich plexus of blood vessels, is incorporated  in the
body of the host,  and enters into intimate  relations with the organism,  as
if  transplanted  to  an  animal  of  the  same  species.  This  point  deserves
emphasis.
The general behavior of  the rabbit tumors in the  foreign  host is  compa-
rable with that observed in experimental animals  of the same  species.  In-
vasions of normal tissues occur but usually expansive growth proceeds at  a
greater  rate and the  increased  pressure incident  to the rapid filling  of  the
chamber  interferes  with the  blood supply  and regression  follows.  Metas-
tasis  has  not  been observed  but it should  be noted that the rabbit  tumor
most extensively employed in heterologous transfers (T-36) has never given
rise  to  metastatic  growths  in the  rabbit.  On  the other hand,  variations
from  the  behavior  observed  in rabbits  do  occur  and are  of particular  in-HARRY  S.  N.  GREENE
terest.  The  H-31  tumor  occasionally  grows  at  an  extremely  slow  rate
and persists  for  longer periods  of  time in guinea  pigs than has  ever  been
noted  in  homologous  transplantation  experiments,  but  the  same  tumor
grows much more rapidly in  hogs than in the natural host.  Likewise, the
T-36 tumor proliferates much more rapidly in guinea pigs and occasionally
grows  progressively in this species, in sharp contrast to its behavior in the
rabbit.
Morphologically,  the structure of the essential epithelial  elements of the
rabbit tumors remains unchanged in heterologous  species but variations in
the parenchymal-stromal  relations  suggesting  a higher degree  of organiza-
tion characterize the appearance of the T-36 tumor in the guinea pig.  Such
a  finding  constitutes  an exception  to  the general findings  on tumor  form
and behavior according to which organization and growth rate are inversely
related.  Here,  however,  a  higher organization  is associated  with  an  in-
creased  growth  rate.
No criteria  exist for a comparison  of the behavior of human  tumors in
the  eyes  of  alien  species.  However,  the long period of  quiescence  which
follows transfer  to the new  species  is  suggestive of the interval  which fre-
quently separates  surgical removal and local recurrence in the human host.
The fluctuation in growth rate which characterized  several of the tumors is
also suggestive  of their behavior under natural conditions.
Morphologically, the transplants of the two carcinomata differ so radically
in  appearance  from  the  spontaneous  tumors  that  some  doubt  of  their
identity is justified.  However,  in both instances  the spontaneous  tumors
owed  their  characteristic  appearance  to  desmoplastic  properties  and  the
abundant  fibrous  tissue  which  gave  them  a special  structure  was not es-
sential stroma but rather a local reaction to their presence.  The absence of
large  amounts of connective  tissue in  the  transplants  may  thus be  inter-
preted as a failure of the tumor to elicit the same response in the animal's
eye  as was  provoked  in the  region  of spontaneous  growth.  And,  in ac-
tuality, there  is no reason  to expect reactions  in the eye  of  the rabbit  to
duplicate those that occur in the colon or breast of man.  The best criteria
of the manner in which such tumors might grow in the anterior chamber of
man  are perhaps  to be  found  in  the spontaneous  growths of the  iris  and
here  pronounced  cellularity  with  little  fixed  tissue  reaction  is  the  rule.
No precedent exists in morphology upon which to base proof of the success-
ful heterologous transplantation of human carcinomata;  and in the present
instances,  the  burden of evidence  consists rather  in  the directly observed
growth of transplanted  fragments  and  the presence  of invasion  in micro-
scopic sections.
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Questions  of  this nature  do not apply to the transplantation  of  the two
human sarcomata for in both instances the transplants and the spontaneous
tumors  were  morphologically  identical  in  appearance.  Moreover,  the
fibrosarcoma  was  successfully  transferred  to a second  generation.
The long latent period which sometimes followed transfer of the human
sarcomata or of the rabbit carcinoma H-31  warrants further consideration.
During this  period  of inactivity which lasted  for as long  as 4 months the
transplants  received  no  blood  supply  and  stimulated  no  reaction  in the
iris, yet eventually  grew  and expressed their cancerous  nature.  Occasion-
ally,  in transplants  of  the H-31  tumor,  the fragments remained  relatively
inert for more  than 500 days but when removed  from the guinea pig and
replaced  in  the  rabbit,  there  occurred  an almost  immediate  reversion  to
typical  growth  characteristics.  Presumably,  cell  division  ceased  entirely
or  was  tremendously  retarded  in  response  to  some  influence  associated
with transfer to the new environment and this constitutes further evidence
that  the  growth  of  cancer  can  be  controlled  without  destruction  of  its
essential cells.  A similar phenomenon  is frequently observed in man when,
after removal of a tumor, displaced  cells remain quiescent  for long periods
of  time,  often  for  years,  but finally express  their  potentialities  and  lead
to  death.  The  factors  concerned  are  open  to  experimental  study  and
would appear to be of considerable importance in the control of malignancy.
The failure  to transfer the Brown-Pearce  tumor  to guinea  pigs likewise
requires  some  comment.  An  adequate  test was  performed  and  the  con-
clusion that the growth is not transplantable  to this species by the methods
employed  appears  to be justified.  Heterologous  transplantation  of rabbit
tumors has  failed  in only  one  other  instance  and  the  two  tumors have  a
factor  in  common.  The  H-31  tumor  was  easily  transferred  from  early
rabbit  generations,  but  despite  numerous  attempts,  transfers  from  later
generations  were  all  unsuccessful.  The  Brown-Pearce  tumor  has  been
carried by serial transfer in the rabbit since  1921.  Thus, a feature  shared
by the two non-transplantable  growths  consists of continued  serial passage
in the same species over a relatively long period of time, and it is conceivable
that this  common  attribute  may be  associated with  their non-transplant-
ability  to  a  foreign  species.
In any  case, it has  been  demonstrated  that  in  certain instances  human
as  well  as rabbit  tumors  can  be  transplanted  to  alien  species  and  main-
tained by serial passage in the foreign host.  This point of itself is of con-
siderable importance  to biology and cancer research and opens up a number
of  interesting problems.  The ability to grow indefinitely  in the eye of  an
alien  host is apparently  a property  peculiar  to cancerous  tissue.  NormalHARRY  S.  N.  GREENE  485
adult  tissue possesses  a restricted  capacity  in this direction,  while  the ca-
pacity of embryonic material is somewhat  greater but still sharply  limited.
SUMMARY
The  successful  heterologous  transplantation  of  several  human tumors,
including a breast carcinoma, a carcinoma of the colon, a melanotic sarcoma,
and  a fibrosarcoma,  has been reported.  Histologically,  the appearance  of
the transplants  of  the carcinomata  differed  from  that of the spontaneous
tumors,  but the  directly  observed  growth  of  the  transplanted  fragments
together  with  the  presence  of  invasion  in  microscopic  sections  afforded
proof  of  successful  transfer.  Transplants  of  the  sarcomata,  on the  other
hand,  were  morphologically  identical  with  the  primary  tumors,  and  in
the case of the fibrosarcoma serial passage to a second generation  of animals
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EXPLANATION  OF  PLATES
PLATE 24
FIG.  1.  Eye  of  a  rabbit  containing  a  growing  transplant  of  a  human  mammary
carcinoma.  The photograph was taken  41 months after transfer of a fragment  of tumor
tissue measuring  1 mm.  in diameter  and  during the interim the  transplant had  under-
gone  a  sixfold increase  in size.  Actual size.
FIG.  2.  Section  of  the  original  scirrhous  mammary  carcinoma  transplanted  to  the
rabbit pictured in Fig. 1.  Hematoxylin  and eosin.  X  406.5.
FIG.  3.  Section  of  the  transplant from  the eye  of the  rabbit shown  in  Fig.  1.  The
animal  was  killed  5  months  after  transfer.  Morphologically,  the  connective  tissue
reaction  which  characterized  the  spontaneous  tumor  is  absent  in  the  rabbit,  but  the
essential  epithelial  elements  of  the  two  growths  are  almost  identical.  Hematoxylin
and  eosin.  X  406.5.
FIG.  4.  Section  of  a  transplanted  fragment  of  the  same  mammary  cancer  that  re-
mained  unchanged  in  the  eye  of another rabbit  for  5 months.  Compare  with  Fig.  3.
Hematoxylin  and eosin.  X  406.5.
FIG.  5.  Section  of the  cancer of the  colon  from which  the  transplant  in  Fig. 6  was
derived.  Hematoxylin and  eosin.  X  406.5.
FIG. 6.  Section of a tumor in a guinea  pig's eye resulting from transfer of the human
cancer shown  in Fig. 5.  Histologically,  there is no attempt at organization and the cells
are generally larger than those of the human tumor.  Hematoxylin and eosin.  X 406.5.THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  73
Photographed  by J. A.  Carlile
(Greene:  Heterologous  transplantation  of mammalian  tumors.  II)
PLATE  24PLATE  25
FIG.  7.  Eye of  a  guinea  pig containing  a  growing  transplant  of  a  human  melanotic
sarcoma.  The  lateral  half  of  the  anterior  chamber  is  almost  completely  filled  with
tumor.  Photograph  was  taken  5  months  after  transfer  of  a fragment  measuring  1
mm.  in  diameter.  Actual  size.
FIG.  8.  Section  of  the  human  melanotic  sarcoma  transplanted  to  the  guinea  pig
shown in  Fig.  7.  Hematoxylin and eosin.  X  282.
FIG.  9.  Section  of  the  transplant  from  the  eye  of  the  guinea  pig  shown  in  Fig.  7.
Histologically,  the guinea  pig transplant and the human tumor are identical in  appear-
ance.  Hematoxylin  and eosin.  X  282.
FIG.  10.  Eye  of  a  guinea  pig containing  a  growing  transplant  of a human  fibrosar-
coma.  In  this instance,  growth  was evident  on  the 44th  day after  transfer.  (a) Ap-
pearance  of  the  transplant  on  the  82nd  day  after  transfer,  (b)  the  98th  day,  and  (c)
the 113th day.  Actual size.
FIG.  11.  Eye  of  a  guinea  pig  containing  a  growing  transplant  of  the  same  human
fibrosarcoma.  Growth in this case was not apparent  until the 130th day after transfer.
(a) Appearance  of  the transplant  on the 166th day after transfer,  (b)  the 180th day,  and
(c)  the  187th  day.  This animal  is  still living  (200  days  after transfer),  and the  trans-
plant  fills  one-half  of  the chamber.  Actual size.
FIG.  12.  Section  of  the human  fibrosarcoma  transplanted  to  the guinea  pigs  shown
in Figs. 10 and 11.  Frozen  section.  Hematoxylin and eosin.  X  225.
FIG.  13.  Section of the transplant  of the human fibrosarcoma  in the eye  of the guinea
pig shown in Fig.  10.  The human tumor and guinea pig transplant are morphologically
identical.  Hematoxylin  and  eosin.  X  225.THE JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  73
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